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Abstract 
@BFRl 
An experiment was conducted with juvenile prawns Macrobrachium malcolmso11ii, (0:76± 
0.01 ro 0.94-::tO.Ol g) w evaluate various protein source diets. Six diets containing 20%, 25%, 
30%, 35%, 40%,and 45% of crude protein were formulated, and fed to prawns in the form of 
pellet to evaluate their suitability. The experimem was designed for 60 days and sampling 
was made at every 15 days imervaL At. the end of the study period growth, feed conversion 
ration (FCR) specific growth rate (SGR), feed efficiency and survival were determined for 
prawns in each dietary treatment. Among the above five feeds poor FCR and higher weight 
gain observed in 35% protein diet (B-4). Similarly specific growth rate and feed efficiency 
are also highest with diet containing 35% protein. The dierary protein levels above 35% 
exerts a decrease in growth of prawn was observed in the present study. The feed efficiency 
ratio and protein efficiency ratio decreased with the increased dietary protein levels. It is 
concluded that 35% protein diet could be suitable with optimum protein supply for 
Macrobrachium malcolmsonii Therefore, above and below this 35% protein level in the 
formulated feed leads to metabolic stress which lowers the conversion efficiency and wastage 
of nmriems. 
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Introduction 
The larger growing freshwater prawns are good candidate species for inland aquaculture. 
They fetch a high price both in domestic as well as export markets. Commercial culrnre of 
freshwater prawn is well established in countries like Thailand, Vietnam and Taiwan (New 
1990). In India, interest in Penaeid shrimp culture was triggered by the increased market 
demand coupled with inadequacy of the capture fishery landings. One of the key factors for 
the ensuring success of shrimp farming is the availability of good quality feeds in sufficient 
quantity. Therefore, development of a suitable balanced feed is essemial for freshwater 
prawn culture. Basic nutrients required for shrimps to meet out the demand of physiology, 
growth, and reproduction are protein, lipid, carbohydrates, minerals and vitamins. 
R. Thirumuruganand P. Subramanian 
However, it is known that the quantum requirements of these vary from species to species, 
age of development and culture conditions. Protein is the major nutrient needed for growth 
of shrimps (Sadhana and Neelakantan 1996). The primary focus of shrimp nutrition 
research has to evaluate diet quality in terms of growth and feed conversion ratio (FCR) of 
the cultured shrimp (Akiyama 1992). Although this information is essential for proper 
evaluation of feed formulation, the bio availability of the nutrients in the diet must also be 
determined (AHen Davis and Arnold 1993). Feed forms one of the major inputs among the 
operating cost of any aquaculture system. Formulation of efficient and cost effective feed is 
therefore of prime importance G eyalakshmy and N a tara jan 1993). Many investigations have 
been carried out to assess the optimum protein levels for specific shrimps and prawns, both 
in temperate and in tropical countries. Several researchers have reported that protein is an 
essential nutrient for prawns but costlier among ingredients (Alava and Lim 1983). 
Therefore, dietary protein should be optimally utilized for growth rather than for 
maintenance (Shiau and Yang peng 1992). Research in feed formulation is currently 
concentrating on the investigations of various low cost protein sources. Ideally, these 
should be readily available at low cost and have high nutritional quality (D' Abramo and 
Loven 1991). Although aquaculture is a rapidly expanding industry, freshwater prawn 
(Macrobrachium spp) farming is of recent origin. The lack of information on the tolerance 
limits and optimal conditions for better growth (Barlett and Enkerlin 1983) still continues 
and has motivated their research study. Macrobrachium malcolmsonii is a good candidate 
species for freshwater prawn culture in India and can be cultured either alone or along with 
other amenable species in polyculture. Although, there exist some informations on the 
dietary requirements of M. rosenbergii (Heimen and Mensi 1991), but comparatively very 
little is known on the aspects of nutrition and feeding of M. malcolmsonii. 
Materials and methods 
Experimental design 
A feeding trial was conducted for 60 days in an indoor laboratory under a photo-period 
cycle 12h light : 12h dark. The six experimental diets constituting the six treatments were 
arranged according to completely randomized design with three replications per treatment. 
Juveniles of M. malcolmsoniiwere obtained from the lower anicut (llOa 15'N; 79a 30'E) 
of the River Cauvery near Kurribakonam, Tamilnadu and were transported to the 
laboratory in double polyethylene bags, filled with river water and oxygenated to saturation 
leveL Prawns were acclimated for 5 days before individually weighted and sized for the 
experiment. 
Ten Prawns of mean weight (0.76±0.01g) were stocked in each trough. The prawns 
were starved for 24 h before starting the experiment in order to empty the gut contents. 
Aeration was provided continuously but slow aeration to the experimental tanks except 
during placement of feed and during collection of faeces and wasted feed. One third of the 
water in each tank was changed daily with fresh dechlorinated tap water. Dead prawns if 
any were removed and recorded. Prawns were fed at 5% of biomass twice a day at 10 and 18 
h. The faeces were siphoned out manually as soon as they appeared in the trough in order to 
2 
Growth of M. malcolmsoniifed with biowastes 
prevent coprophagy and its leaching into the water. The excess feed that remained at the 
bottom of the trough was also siphoned out onto a bolting doth within 5 mins after one 
hour feeding. The collected unconsumed feed were stored in petri plates after drying at 
40oC in hot air oven. Ration was adjusted. Animals were weighed every 15 days. 
Diet preparation 
Six diets of different protein ratios such as 20%, 25%, 30%, 35%, 40%, and 45% protein 
were formulated according to the proximate composition of protein sources used (Table 1). 
All raw materials of dry components were finely ground using an electric grinder and 
passed through a 0.5 mm mesh sieve. The diets were prepared by thoroughly mixing the 
dry ingredients and then adding water until the texture of the whole mixture reached a stiff 
dough consistency. The dough was steamed at 60oC for 10 min using an autoclave, peHeted 
through a 2mm die, and then dried in an oven overnight at 40° C. After drying, pellets were 
cut in 5mm length, packed in sealed plastic bags and then stored at room temperature 
(Sudaryona et al. 1995). 
Table L Formulations and proximate composition of five experimental diets containing 
isonitrogenous percentage of protein 
Ingredient g/lOOg diet Experimental diets 
(on fed-basis) SKP TFM SQM SBM ECM 
Silkworm pupae meal 40.0 
Trash fish meal 48.0 
Squilla meal 35.0 
Soybean meal 35.0 
Eichhornia meal 21.0 
Prawn waste meal 10.0 10.0 20.0 15.0 7.0 
Mangrove leaf meal 15.0 20.0 10.0 0.5 0.5 
Groundnut oil cake 10.0 8.0 10.0 23.0 35.0 
Gingelly oil cake 10.0 5.0 5.0 22.0 34.0 
Rice bran 5.0 5.0 10.0 0.5 0.5 
Wheat flour 5.0 2.0 5.0 2.0 0.5 
Maida flour 5.0 2.0 5.0 2.0 1.5 
Proximate composition(%) 
Crude protein 30.64 30.21 30.0 30.16 30.08 
Nitrogen free extract 40.18 23.07 24.11 38.77 36.71 
Crude fat 7.15 8.45 10.08 6.96 9.02 
Ash 9.25 23.03 22.85 10.96 9.61 
Crude fibre 4.52 5.30 4.92 5.73 4.10 
Moisture 8.26 9.94 8.04 7.42 10.48 
SKP= Silkworm pupae, TFM= Trash fish meal, SQM= Squilla meal, SBM= Soybean meal, ECM= 
Eichhornia moal 
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Analyses of diets 
Diets were analysed for crude protein, fat, ash, fiber and moisture by standard AOAC 
(1990), methods for drymaner (oven drying at 105oC for 24h), crude protein (Kjddhal-
nitrogen x 6.25), fat (solvent extraction with petroleum ether, boiling point 40-60° C for l0-
12h), ash (Muffle furnace incineration at 650oC), and crude fiber (1.25% acid and 1.25% 
alkali digestion). Nitrogen free extract was calculated by difference (NFE = 100-(% crude 
protein + % crude lipid + % total ash + % crude fiber +% moisture). 
Body composition analysis 
At the end of the experiment, a pooled sample of dressed prawn flesh from each 
treatment was collected, frozen and freeze-dried for final body proximate composition 
analysis. The analyses were conducted using the same methods previously described. 
Data calculation and analysis 
The foHowing parameters were calculated for evaluation of prawn performance: 
Weight gain (%)=[(final weight- Initial weight) I Initial weight] x 100; 
Specific growth rate (SGR) = [(In.Wt-In.Wi)/TxlOO, 
where Wt is the average individual weight of prawn at timet, wi is the average individual weight 
of prawn at time 0, and T is the culture period in days. 
The efficiency of utilization of feed was expressed as feed conversion ratio (FCR) = 
(dry feed intake/ wet body weight gain). Feed efficiency (FE%) = wet weight gain (g)/dry 
feed consumed (g)xlOO; Percentage of survival=Nf /Ni x100, where Nf is the final number 
of prawn in the experiment, Ni is initial number of prawn in the experiment. Protein 
efficiency ratio (PER)=(Wf-Wi) TfXCP. Where Wf is the average final weight; Wi is the 
average initial weight, Tf is the averaged total weight of feed intake (g) for each prawn, Cp 
is the crude protein (g) fed. The collected prawn were sacrificed and excised for the yield of 
edible flesh. The remaining part of prawn, after muscles were excised, was weighed to 
determine the percentage of carcass waste. Edible flesh(%)= (muscle weight/body weight)x 
100, Carcass waste(%) =Prawn waste weight/body weight)dOO. 
Statistical analysis 
AH data were analysed using analysis of variance. Multiple comparisons among means 
were made with the Duncan New Multiple Range Test (Puri and Mullen 1980). Statistical 
significance was determined at 5% for each set of comparisons. 
Results and discussion 
The proximate composition of the formulated experimental feeds, B-series are given in 
Table 2. The Prawns fed on feed B-4 with 35% protein showed higher weight gain (1.86 + 
0.12g) and lowest FCR (2.96 + 0.27). Similarly specific growth rate (3.24 + 0.64) and Feed 
efficiency (33.99 + 2.97) were also highest with the diet containing 35% protein (feed B-4). 
However, protein efficiency ratio was maximum with feed B-2 (1.08 + 0.16) and minimum 
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in feed B-6 (0.47 ± 0.06) (Table 3). The proximate analysis of prawn flesh exerts that 
prawn fed with feed B-4 contain highest amount of protein than those fed with other feeds 
(Table 4). Kn this experiment, the diet with 35% protein exhibited better growth, FCR, and 
PER when compared to diets with 20%, 25%, 30%, 40% and 45% protein levels. The present 
finding in this prawn are in agreement with the results of Balazs and Ross (1976) who 
reported maximum growth in M. rosenbergii when fed with diets in excess of 35% protein 
level. Dietary protein requirement is reported w be 30% to 40% for Penaeid species (Alava 
and Lim, 1983, Shiau et a1, 1991). In the present study, protein requirement shown by M. 
malcolmsonii also falls within this range. 
Table 2. Fatty acid composition of experi.mem:al feeds 
Fatty acids (mg/g of fat) 
SKP TFM SQM SBM ECM 
S:nurated fatty adds 
Hepatanoic acid C7:0 ND ND ND ND ND 
Caprylic acid C8:0 ND ND ND ND ND 
Nonanoic acid C9:0 ND ND ND ND ND 
Capric acid ClO:O 2.85 2.35 8.03 ND ND 
Undecanoic acid C11:0 ND ND 1.64 0.35 ND 
Lauric acid Cl2:0 0.66 0.17 1.99 0.02 2.73 
Tridecanoic acid C13:0 3.19 11.69 15.02 2.98 2.17 
Myristic acid Cl4:0 0.97 3.72 5.07 1.68 0.41 
Pemadecanoic acid Cl5:0 6.62 24.17 19.23 1.10 13.35 
Palmitic acid Cl6:0 3.48 0.53 4.87 0.67 2.56 
Hepradecanoic acid Cl7:0 ND ND 1.27 0.80 4.95 
Stearic acid C18:0 ND ND 27.26 5.69 30.21 
Nondecanoic acid Cl9:0 ND 4.88 2.94 0.14 1.66 
Arachidic acid C20:0 ND 17.85 ND 0.83 2.49 
Heneicosanoic acid C21:0 0.25 2.27 ND 0.61 ND 
Behenic acid C22:0 0.15 ND 0.09 ND 0.05 
Tricosanoic acid C23:0 ND ND ND 8.33 ND 
Lignoceric acid C24:0 ND ND ND ND ND 
Unsaturated fatty acid 
Palmitoleic acid Cl6:0 ND ND ND ND ND 
Oleic acid Cl8:0 0.35 0.43 0.31 0.19 0.18 
Cis Linoleic acid Cl8:0 43.81 25.01 20.17 19.78 23.97 
Linolenic acid Cl8:0 0.09 0.08 0.08 0.08 0.09 
Arachidonic acid C20:0 2.38 29.82 ND 0.23 ND 
Eicosapentaenoic acid C20:0 4.84 5.03 4.84 3.97 4.50 
Decosahexaenoic acid C22:0 5.13 5.75 6.11 4.98 6.02 
SKP= Silkworm pupae, TFM= Trash fish meal, SQM= Squilla meal, SBM= Soybean meal, ECM= 
Eichhornia moal 
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Table 3. Growth performance and diet utilization of M. malcolmsoniifed isonitrogenous diets 
Parameters SKP TFM SQM SBM ECM 
Initial mean wt. (g) 1.82±0.02 1.82±0.03 1.82±0.02 1.81±0.03 1.82±0.02 
Final mean wt. (g) 3.47±0.04 3.02±0.04 3.02±0.03 3.12±0.04 3.30±0.04 
Mean wt gain (g) 1.65±0.043 1.20±0.02b 1.99±0.0lc 1.29±0.06b 1.48±0.0Pb 
Weight gain(%) 90.78±2.99 66.04±0.29 66.06±0.79 71.08±4.12 81.09±0.53 
Feed intake 5.41±0.16 5.35±0.21 5.26±0.14 5.48±0.19 5.39±0.18 
FCR 3.27±0.16d 4.45±0.22" 4.39±0.09"b 4.24±0.21 be 3.65±0.14c 
SGR(%) 2.75±0.07d 2.00±0.03cd 2.00±0.02cd 2.16±0.093 2.46±0.02b 
FE(%) 30.56±1.45" 22.45±1.10cd 22.78±0.49cd 23.58±1.173 27.38±1.07b 
PER(%) 1.02±0.053 0.75±0.04c 0.76±0.Q2c 0.79±0.4c 0.91±0.M' 
Survival(%) 100a 78.33+7.52c 85.00±8.36bc 86.67+8.16bc 88.33+4.08b 
Values are means ±SD of three replication. Letters in the same column having the same superscript are not 
significantly different (p >0.05) 
Table 4. Body proximate composition of M malcolmsoniifed with experimental diets for 60 days 
On wet weight basis Feeds 
SKP TFM SQM SBM ECM 
Waste weight,% 35.05 42.33 43.21 49.11 47.99 
Edible flesh, % 39.50 36.79 32.62 32.16 35.64 
Body composition (on dry basis) 
Moisture,% 71.23 79.46 81.17 76.58 79.74 
Protein,% 57.73 57.13 53.50 50.85 55.23 
Lipid,% 3.00 3.51 2.95 3.16 4.20 
Ash,% 3.13 2.54 3.53 2.98 2.85 
The dietary protein levels above 35% exert a decrease in growth of prawns as observed 
in the present study. The decreased growth at protein levels greater than the optimum may 
be attributed to increased energy expenditure on protein catabalism and subsequent 
increase in ammonia production, which wiH have a negative impact on growth (Ramnarine 
1995). Ahamad Ali (1994) stated that protein contributes towards the major portion of the 
feed cost, and the determination of nitrogen balance, along with other parameters, might 
greatly help in keeping protein levels at the minimum, leading to more economical 
practical feed formulation. Colvin (1975) stated that weight gain declined with increase in 
the dietary protein in P indicus. M rosenbergii post larvae may need a minimum dietary 
protein level of about 35% (Read, 1987). In our experimental feed (B-4) contains 35% 
protein also recorded a high growth :response in M. malcolmsonii The finding of Read, 
(1987) also supports the finding that a 35% dietary protein level was more than enough to 
sustain optimal growth in young! juveniles of M. malcolmsonii. In a properly balanced diet 
the level of protein must be sufficient to support optimum growth and should be minimaHy 
utilised for energy production (Shiau et al 1991). Optimal dietary protein levels are also 
found to influence protein to energy balance, the amino acid composition, digestibility of 
the dietary protein and the amount of non-protein energy in the test diets (Wilson 1989). 
Food consumption rate of prawns did not show much variation at different protein 
levels. Many experimental studies have shown that food intake and conversion efficiency 
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strongly depend on environmental factors such as temperature, salinity, quality of food., 
water flow, as well as internal factors, such as age and size of the fish/prawn, heredity and 
even the environmental history offish/prawn, especially in early life (Breft 1979). The best 
feed conversion ratio (FCR- 2.96) was obtained in the prawn M. malcolmsonii fed. with 
35% protein level in this experiment. FCR was maximum at higher as wen as lower dietary 
protein feed. The feed conversion ratio in penaeid prawns was studied by Royan et al 
(1977). Forster (1970) pointed. out that conversion ratio in prawns would. be rather less 
efficient than in fish due to loss incurred during moulting and. only a ratio of 2-3 could be 
anticipated in prawns. The food. consumption and. wet weight gain play an important role 
in the increase or decrease of food conversion ratio (Sadhana and. Neelakantan 1996). In 
most of the studies the protein requirement was determined by measuring the growth, FCR 
and. in some cases, PER as a response to the dietary protein level. These studies were 
summarised. by (Kanazawa 1984). Sambasivam et al. (1982) concluded that conversion wiU 
be low due to high dietary protein. 
In this experiment the highest PER was recorded in 25% protein diet (Feed B-2). 
Protein efficiency ratio decreased. almost linearly with increasing dietary protein content up 
to 36% and. then reached a plateau. Generally protein efficiency ratio decreases with 
increasing dietary protein level and has been noted. for maay other species also ( Akand. et 
al. 1989). FCR and. PER are known to decrease with increasing dietary protein contents 
Gauncey 1982). PER is also influenced by dietary protein level and vary with species 
(Dabrowski 1979). The findings of PER in the present study are in agreement with these 
observations. 
The survival rate of M. malcolmsoniiin this experiment was found to be higher at 35% 
protein diet and low in 45% protein diet. Survival and growth of prawn also depends on 
stocking density, water quality, type of diet and dimate (Kanaujia and Mohancy 1996). In 
support of this finding Das et al.:; (1995) indicated that the diet containing about 35% 
protein are considered for satisfactory survival and growth of juvenile prawn M. 
malcolmsonii. The findings of Felix (1998) also support the belief that a 35% dietary 
protein level was enough to sustain good growth in juveniles of M. rosenbergii The resuh:s 
in the present study are in agreement with the above findings. 
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